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USE OF MODEL OUTPUT STATISTICS IN
AUTOMATED PREDICTION OF SURFACE WINDS--No. 2%

by Gary M. Carter

Automated forecasts of surface wind have been available for use as guid-
ance by National Weather Service (NWS) forecasters since May of 1973. The
Techniques Development Laboratory (TDL) developed this method for producing
objective estimates of surface wind for the conterminous United States for
projections of 12 to 48 hours. Seasonal wind estimation equations were de-
rived for 233 stations by use of Model Output Statistics (MOS), a technique
which consists of determining a statistical relationship between a predictand
and variables forecast by a numerical model.

This product is available on teletypewriter on a request/reply basis in
the form depicted in Table 1. A heading which gives the day and time of the
input data, as well as the valid day and time for each of the seven forecast
projections, is provided. The letter M proceeding the initial projection fore-
cast denotes the situati&n where necessary data from a surface report was
missing and a backup equation was used. Eventually this product will also be
available on a &4-panel facsimile chart.

Observed surface winds were statistically related to forecasts primarily
from the National Meteorological Center's (NMC) Primitive Equation (PE) model

by use of the screening regression technique. The developmental data consisted

* Presented at the Fifty-Fifth Meeting of the American Geophysical Union,
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of three warm seasons (April-September) during 1970-72 and four cool seasons
(October-March) during 1969-73. As shown in Table 2, potential predictors
included U and V wind components, wind speed, geostrophic winds, constant
pressure heights, relative vorticity, vertical velocity, mean relative
humidity, temperature, potential temperature, and stability at various pro-
jection times and levels throughout the atmosphere. The sine and cosine of
the day of the year were also included. Each of these predictors was inter-
polated to a point directly above each station, and only data at a given
station were used for that station. Some of these predictors were space
smoothed by 5, 9, or 25 points in order to eliminate small scale noise. The
amount of smoothing was a function of element, level, and projection. In
addition, U and V wind components, wind speed, and cloud cover from surface
observations available 6 hours after PE model input time were screened for
the initial projection.

One group of equations was derived for the warm season and another
for the cool season, as well as one for the 0000 and one for the 1200 GMT
runs of the PE model. Each group included wind estimate equations for 7
projections, with additional back-up equations free of observed predictors
for the initial projection only.

Separate single-station regression equations, like the cool season one
shown in Table 3 for Kansas City, were derived for U and V wind components
and the wind speed. All equations were required to have exactly 10 terms;
this decision was based on previous research by TDL. Also, in order to
in;ure physical significance and overall consistency between stations and
projections, some constraints were imposed on the selection of predictors.
For any given station and projection, all 3 equations contain the same 10

predictors as illustrated by this equation. (They do, of course, have



different regression coefficients and constants.) Also, the first 3 pre-
dictors were forced to be the boundary layer U and V wind components and wind
speed forecasts from the PE model for the valid time of the wind predictand.
The remaining 7 predictors were selected by using at each step the meteoro-
logical variable which reduced the variance of any of the 3 predictands
by the largest fractional amount.

In order to evaluate this system, warm season wind equations were derived
for 20 widely distributed stations; cool season equations were derived for
20 different statiors. The stations used for the cool season test are shown
in Figure 1. The dependent data sample consisted of 449 days during the cool
seasons of 1969-72. The forecasting equations were evaluated on independent
data for each day in December 1972 and January 1973 for which data were
available. Only the 0000 GMT runs of the PE model were used. The wind fore-
casts in the official terminal (FT) forecasts made at the NWS Forecast Offices
were used for comparison purposes. The warm season equations were also tested

in a similar manner.
Since the FT's do not mention wind if the speed is expected to be less

than 10 knots, the comparison was made as follows. For all those cases where
the FI's included wind and for which objective forecasts were available, the
mean absolute error (MAE) of direction (computed from the U and V equations)
and speed (direct from the speed equation) were computed. The results shown
in Table 4 indicate that the objective forecasts were superior to the FT's
for both direction and speed at 1800 and 2400 GMI. At 1200 GMT, the FT fore-
casts of direction were better than the objective estimates; however, the
objective forecasts were better than the FI's for speed. These results

are in close agreement with those obtained for the warm season objective and

FT forecasts.



Based on the test results, seasonal equations were derived for all 233
stations and then operationally implemented. The operational forecasts will
be verified in conjunction with the NWS combined aviation/public weather
verification system. We also plan to put these objective wind forecasts

on facsimile within the next few months.
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Teletype Message for Surface Wind Forecasts
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Table 2

Potential Predictors for Surface Wind Forecasting Equations

Valid Times

Exedicrors (Hours from PE Run Time)
a) PE Model

U Wind, V Wind, Wind Speed 6%,12, 18, 24, 36, 48
(Boundary Layer)

U Wind, V Wind, Wind Speed 12, 18, 24, 36, 48
(850-mb Geostrophic)

U Wind, V Wind, Wind Speed 24
(850 mb, 700 mb)

Constant Pressure Height 6*%,12, 18, 24, 36, 48
(1000 mb, 850 mb)

Constant Pressure Height (500 mb) 12, 18, 24, 36, 48

Relative Vorticity 12, 18, 24, 36, 48
(850 mb)

Vertical Velocity 24
( 850 mb, 650 mb)

Mean Relative Humidity 12, 18, 24, 30, 36, 42, 48
(1000 mb to 400 mb)

Temperature 12, 24, 36, 48
(1000 mb, 850 mb)

Temperature (700 mb) 24

Potential Temperature (Boundary Layer) 12, 18, 24, 36, 48

Stability (850-mb Temperature minus 12, 24, 36, 48
1000-mb Temperature)

Stability (700-mb Temperature minus 24%*

850-mb Temperature)

b) Other Predictors

Sine and Cosine (Day of the Year) 0

Surface Observations (Cloud Cover, 6
U Wind, V Wind, Wind Speed)

% Unavailable to warm season equations
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Table 4 -

Comparison of FT and ubjective surface wind forecasts for 20 stations
across the U.S. for December 1972 and January 1973.

Valid Direction Speed
Time Projection Forecasts MAE MAE Number
(CMT) (1R) (DEG) (KTS) of Cases
6% Objective 24 2.8 .
12 3k FT 21 3.3 481
18 Objective 34 3.
o gk FT 38 3.9 e
24 Objective 38 3.2
2 2 565
4 15%% FT 48 4.7

%Surface observations at 0600 GMT were used.

*#*The assumption was made that NWS forecasters had 0900 GMT surface observations
available.
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